
~-
_ ...i __

.......Itenna IhcMn in Figure 5.1. (Kelip in "*'d,~, that this i. onty alMfJlhot
of the required 8JCiCIueion zone at the instant the mai'1b.8tn of the feederlink terminal is
,..,....1M <J8O Uinlthe in-h.... All ..JIItO•.••,Ite IhM it i. tnIcking
mows f1tIIfIt from .. " rtink t..miNlf and out tI the GSO ....m.tine-of-light, the
eKCtueiOn zone wilt .,;ddy shrink beck to zero). However, this is clearly an impractical
IOIuIiOn to 8IteYi8tIng the interference.

One might allO ooneidIr limply keeping the MSS fe.derlink eerth station antenna pointed
.-yfrom the G80 ......, tIWeby achieYinI-- nee•••8rY ilOlation through h high
_ .....ow b••:nwldth _dIrIink~ t.".., which is 7 m.... in di8meter in ItVs-=-. However,'" is not • prectic81 toIuIion __, due to the orbiteI dynemice rI the
pr....". The orbit ,••rs of the 12 .....ilI flEO COAIteftIttitJn ......It in 12 .......
grant trIlCks (one per trIIClk) on the ..ws....alhown in Figure 5.2. To
a first order approximation, the 6 hour orbital period h. ground tr1ICks thIIt .....,.. every
24 hoLn. The COI,.,.tllltion is such that for locations~n SOON.,d sooS latitude, at
feast two MEO CIIn be ...., IIIDove a 10° eIeYIIIien .... at any time. No first
"., it hit OM coutd tttke of the a-PI in the gro&.n:t tr80k ,..,."
..COOfdnIlte d GSO wMh the grcMnI trIlck pattern 10 a. to avoid
u.e in-line interferwD~ entiNly. HowIWr•• iftdicIjad ..... the pett-.n'"
not rep•• precieely. WIthout conti~ spacecrIIft maneuvering to maintain a repeating
patt.rn, orbital perturbations (most signifieanlty.. pet11R11tion due to the earth·s non
spherical shape) will cause the orbit planes to preens westward at a rate of about 0.2 0

per day. As a result, the pattem in Figure 5.2 will always be slowty shifting so that no
".,.,whet8 a fe.det1ink terminal is located and no mailer wNnt the GSO satellites ate
positioned, the feederlink terminal will sooner or I.r have its mainbeam momentarily
pointed towan:ls a GSO "",ite wtille it is in the process of tracking One of its MEO
satellites (assuming the GSO satellite is visible from the feederlink location).

Other mitigation tee:hniqt.-. such as adaptive pcMW cor III 01 .-lei use of higher gain/sharper
roIloff nernas were allO briefly considered, but did not appear to be viable solutions due
to the very high levels of isolation required, typically 20-30 dB as shown in Tabte 4.9.
Whil. the use of higher pin/sharper roUoff antennas is helpful in a -static· interrwence
environment where (GSO) satellites and earth stations are not moving relative to each
other, in a dynamic interference environment where there is relative motion the antennas
would "introduce opposing effects. That is, although interference events may not last as
long due to the rwrower beamwidths of the antennas, when they do occur, they cause
higher peIIk IeveII rI interference by virtue of their higher gain. In conjunction with other
techniques such. site diversity, howev., high gtIinInarrow beamwidth antennas such
as those of the MSS teederlink terminal can be • definite advantage.

The MSS MEO I)Wlem in IhiI atudy t-. no int.......ttt. links between the satellites in the
con.tellation and the UN of -orbit avoidance· to solve the" interference problem ia not
poesI)Ie (i.e., in orbit avoidance, a fHderlink stetion wanting to communicate with a LEO
or MEO satellite which is in-line with an interfering GSO satellite would do 10 by
communicating with a neighboring satellite which is not in-line subsequently routing the
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traffic to the intended utetlite via an interNteHite link).

Four....... .-..,. MEO SY.lm, ...., mIIke .....ink .. c1versity 8Il_edt. po.IUIy fOr iI'1l8IferwlOl. WIll· til ....-ch, an IIItemate te....ink
., .. 1111IbIiIt'Ied with the MeO ....Iit. from a II8Dnd fe.dertink terminal while it is in
line with a GSa seteHite from the point of view of the originel fMderIink't.-miMl (See
Figure 5.3).

PiNt, thegIlI~ fOrhi " ..... pIIIftiwet to NNe wide ~...,-.tion with
OM on the w.t 00.- c:I CONUS end MOlhIr on the hIt~. E8ch._hay ity
is-..-fto t-.~ to fNdIrIink ..., ItIltionI for treeking the .
FarWlIIUI:fy west 008It gilluv (Gil."'" 1) is IGCIIted "... san Diego.
California at 34-N, 116-W end the East cc.et ge_wy (Gateny 2) is loc8ted ,...
Phil.d.... 8t«).7-N. 74-W.

.......
..............

,.'10

.. ~ _ -._ __._-_._ __.._..__ - _ .
...: .

...................

o.......-------...a.------'~---.a.._--..I...------',30

a..nd. th8 the ..0 orbit is high enougtt thIIt a MEO ....,Iite which may be
~., in-Hne i event is~YiIibte to both Ea,t end West coeat
,....,.. A plat wation MgIe from the two gII-.ys to the MEO 8nd GSO
.....ites over • r.,... d GSO ""'ite Iof9tudes is shown below.

s.llitelEarth StJltion EIev8tion AnaIes

GSOSMeII.~
- Elevation ofOEO SIC as Viewed from Gateway 2
...._.. Elevation Anale of MEO SIC as Viewed from Gateway 1
-+- Elevation Angle orMEO SIC as Viewed from Gateway 2

12
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(N8le.. lira..1M -.idering the MEO SIC to be -irHirW with respect to G8t-..y
1... tlIeYIItion of.. GEO SIC • vi_d from G.lway 1 is just the __ • the
I.e,.ion d the MEO SIC 8S viewed from GetewIty 1 which il why there ... onfy
tine curves inltled of four).

It can be seen thM even when the MEa satellite is causing 8n in-line event for a GSO
...-Ilite loc8ted...west as 1300

• it is still visible above 100 elevation angle to the East
coest _-way.
The third ......, lis ..OMSS system .... iIIeff to lit. di\wsiIy il that MCh of the
.............. i.......,tly steer1ll* duaI·bend (30120 GHz) teldertiAk .,."..whktI., tr8nImit Met ....we the same 300 MHz FDM fMdertink lipl and thetefore is
capable of I1Ipid h8rIdoffs with up to three geogrIIphiCIIlly seperate feederlink termina's.

LMtly. the 7 meter fIederIink terminals have high enough g8in that a large amount of
• derw1a discril'niMtion is achieved for values of the off-axis angle a shown in Figure 5.3.
Referring to Figure 5.3. the off-axis angle a varies from about 7 0 _12 0 over the GSa
IongiIudIt JWV8 130·W-70·W. N. a typicAl off........cI a=10°. the teedertink terminal
tr8nemit antenna fatl-off is 56.8 dB while the receive antenna fall-olf is 52.8 dB.

The effect of '*na fllderlink diversity to aupprns interference on the fOl.l' interference
pelhs il shown in Figure 5.4 and 5.5. All th... plata refer to the geometry Mown In
FIguN 1.3.

FigLn 5.-4(8) Ihow..petIk lINT ratios on the four interference paths a. a function of the
GSO satellite longitI.Me which OCQJr during ., in-line event as viewed from ., MBS
r.cterIink stIItion IocIItecd tit the west coast galWay. The IINr will vary with time~ to
tl'8re111tive motion cit.MEa satetHtes. but for • given GSO "ellite longitude. the peek
vatue will occur lit the instent when the MEO _.,ite appeers atong the line-of-sight
between the West coast MSS feederlink station and the GSa sateflite. Assuming there
are GSa earth station. co-Iocated with the MSS feedertink station. mainbeam coupfing
then 0CClI'S between the MSS and FSS satellites and earth stations. It can be seen that
the peek IINr velues .. "..-ty constant over the GSa satellite longitude range since the
only thing that is changing in this case are the slant ranges between satellites and earth
stations. It can .'so be seen that the peak lINT values on all four interference paths
exceed the maximum alloweble lINT value of 11.7 dB.

Given that the irHine MEO satellite is simultaneously visible to both gateway sites over the
130oW-700 w GSa longitude range, Figure 5.4(b) shows the peak liNT values for the
alternate East coast g8teWay feederlink. The peak lINT values are now well within the
accept8bte levels. and for most GSa orbital positions. are even well below the -negligible
liNT value of -12.2 dB. It is also important to note that the East coast gateway IaciIity is
itseIIa..umed to be within a co-frequency spd beam of the GSa satellite and has GSa
FSS earth stations co-Iocated with it. In other words. sufficient isolation is achievable
through earth station antenna disaimination alone. Since the values shown in the plot are
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,eM-- -.:I ..... below the -12.2 dB lIN, criterion for nat GSO orbitaf positions•
... il no ..-.dto • ." time .....ic1 cornpuIer IimulIIIion (i.•.• the percent
IiIMI will aft be ZM». IirnuIIIUon woutd. ho't to determine wMn a
gateway NIndoIf il required according to some desired interference tI'nIhoId. F....
5.5(.) end (b) IhDw simiIw results when the gateway sites are located in wide spot beams
of the GSO ....Iite.

In conclusion. it appears that co-frequency sharing between the NGSO-MEO n FSS
GEO systems considered in this paper is feasible through the appropriate application of
MIS f••dlrlink ~. With fMderlink .... on the e.t and west ClO8ItI of the
U.S Of ., alternate __ ink pIIth from one _way lite while the
otIW' _-..yo i8 iencing an in-line i".".,.,. event. il IUfficient to maintain
intel't'erwa Ievets on the various transmlMion peths within~. limits.

In thil Itudy. the ....n.,. lituetion between • NGIO MEO MIS .....it• .,.." n a
GSO FSS .,• .." in ""30120 GHz b8nd WIIS The MEO constellation pre••nts
..... ...nque problems to the sharing situation hit not preeent when considering the
l.:!O ......ite~s. The MEO ant at a much higtw altitude Mel
....tnMI ••nu:h IIDwer rIIte 8CI'OIS the My. Their dweI1 tim. we therefore much
longer then those of LEO satellite systems. Also. the high altitude allows the MEO
....,iteI to h8ve much wider coverage areas th., the LEO systems which can contribute
~ the ir...,.,ence..,.;os. Fir81ly. the NGSO MeO MIS syItem ..-rtined in this peper
tw WIfY .... ,..dertink antennas'further .-cerbIIting the problem.. TheM~
f8llturel 8110 tMd to a~ potentia' solution to the· interference problems. 'Through
proper~ of MIS f••derUnk sit. diYWlity, co-directionel frequency sIwing
betwln the NGSO MEO MSS feederlinks and the GSO FSS satellite system operating
in the 30120 GHz bend is feasible.
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~ 4.1 - lIN Ratio (dB) It GSO FSS Satellite Due To Interference From MEO MSS Feederlink
Earth Station Located at 340 N Latitude, GSO Satellite Narrow Spot Beam

30

i 20-
~ .._••...._.....•.._.....•.•......-._.•.._......................... . _ -..•.........................-................................. ·········································1-1;·
fa 10
o
~ ...•.....•.........................................................................................................•......................•...........•..........................•.....•........•.....•......

"0'1 ___._ - _; - .
~

10 10.2 10.4 10.6 10.8 11 11.2 11.4 11.6 11.8 12

Elapsed Time from MEO SIC Equatorial Crossing (minutes)

Note: The threshold lines on this plot represent the four interference levels ofllN in dBs:

lIN - 14.8 = 11.7 dB (cannot be exceeded more than 0.0004% ofthe time)
lIN - 2.98 - 4.74 dB (cannot be exceeded more than 0.0294% ofthe time)
lIN = 0.78 = -1.08 dB (cannot be exceeded more than 0.1190/'0 ofthe time)
lIN - 0.06 = -12.2 dB (cannot be exceeded more than 0.87% ofthe time)

15



.....--

FIGURE 4.2
JJN ItatIo (D) at CEO ns Satemte due to Interferenee from MEO MSS .....rtlak lerda Staelea

(34-N latitude; Wide Spot Beam)

20

i
~ 10 .

!
i
.. 0

t
!

•••.4. _ •••••••••••••••••• 04 •••••••••••••••••••••••••••••••••••• _ 04•••__•••••••••••••••••••••••••••••••••••••0040.'

11.7

4.74

·1.08

-12.2

10 10.2 1G.4 1G.6 10.1 11 11.2

EJar-I T_<.....}
11.4 11.6 11.1 12

E1apIat Time fi'om MEO SIC Equatorial Croaio, (minutes)

16



lIGUlE 4.3
1IN:RatIo (8) .. GEO ns Satellte due to laterfereace fl"Olll MEO MSS ''''rlnk Eartta Stat....

(45~~;Wide Spot Beam)

i
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Elapsed Time fi"om MEO SIC Equatorial Crossing (minutes)
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FIGURE 4.4
lIN Ratio (dB) at GIO ns Satellite due to Interference from MEG MSS 'MderUak E.rtJa Statloa

(4S-N latitude; NlITOw Spot Beam)
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Fl IlE 5.1

Gaia Contour. of am,8/e "arrow (0.7'-) Spot ... AWed at w.et coa.t 1188 Gateway
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FIGURE 5.2
Groundtracks of 12-Satemte Odyssey Constellation

-150 -100 -50 0 50 100 150
3 planes with 120° spacing;90° in-plane phasing;30° adjacent plane satellite phasing
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Fipre 5.3 - Use ofGlteway Diversity to Avoid Excessive Interfereace between a Medium Earth
Orbit (MEO) Mobile~ System and a GeoItaeionIry Fixed SactIite Service Syttem

A....... ' .....iek ,.dato"'. GlMway 2. .
a-liM atlrferuce n'Dt
wi*G....·Yl

GSO Orbit
(3518' laD altitude

" " " " " " " " "......... "
................... '- ...........

'.... "

"'0 s.e.wt. .... ia-liu........."-~r..,.et tID GaWway 1 locatio•.

Earth

Welt Coast ..10 uss Chtnray
(0.....,. 1) Her Sa Dieto. Ca. .t
14-N,116-W. L He of tile
080 ....Ilite' ~. (co-
hltMllCY). OSO PSS ........
co-loeated with Oateway PIL iulI.
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,.... 5A(a) • Pelt '-_unl.4MIIs 0caJrriIIDurina ID-LiBe IfItdnnce Event For Gateway 1
, ... $ ....La dill a.w. CoMtW'- 0Iteway tis PrcMdins Active Feedertink To MEO
MSS Satellite (GSO Satellite NlI1'Ow Beam Case)
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....,. 5..) - Jlin ..~ LeYtII o.:..riII .... la-Lille ...... Event For
GIlteway 1' 1••11•• LocIted On w. eo.W'- a-way 2 (East Cout) Is Providing
Active FeedertiDk To MEO MSS Satellite (OSO Satellite Narrow:&elm Cue)

5O..--~--r---,r---..,.....--r--""'--"---~-""""T'----,r----r---,
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«I

........._ ··u _ ..
" - ..

• _ _ u ••_··

- lIN It OSO SIC Receiver
....... lIN It MEa SIC R.cciver
-- lIN It GEO FSS EIS R.eceivIr co-locIiIIId wida c....ay 2
-T- lIN at MEO MSS FIL EIS Receiver It GatewIIy 2
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p..U(e)...... •MI. lAMs 0DIun'iBI DuriII Ja.Line"1 linnce Event For Gateway 1

flI' IM..&WI Lee. I • OIlwe.eo.wt. 0IUMIy 1IsPnwkiRI Active Feedertiftk To MEO
MSS Satellite (GSO....Wide Beam Cue)
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Pipre s.so.) • Pelt lJIterftrence Levels 0ccuninI DurinI In-Line Interference Event For
Gateway 1Foeclerink Station Located On West Coast When Gateway 2 (East Coast) Is Providing
Active FeedertiDk To MEO MSS Satellite (GSO Satellite Wide Beam Case)
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-1 ......-----------------------------------------------------

- lIN It GSO SIC Receiver
....... lIN It NEO SIC '-ver
-- lIN It GEO FSS FJS Receiver co-located with GatewIy 2
-to- lIN It MEO MSS FIL E1S Receiver It Gateway 2
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